INTRODUCTION
A nucleobase isomer such as isoguanine apparently makes a non-standard base pair between 2'-deoxyisocytidine and 2'-deoxyisoguanosine feasible when incorporated into oligomers. Some levels of functions in this isomeric replacement are retained and in some instances new functions are formed. The results reported by Switzer et al. 1 have shown that various polymerases handle this non-standard base pair, while Horn et al. 2 reported on the pairing in the absence of the enzyme. Here we report on a subtle change in the molecular shape by replacing N 3 -nitrogen with the more liphophilic C 3 Hgroup and C 8 H by N 8 -nitrogen. Though we do not prevent the Watson-Crick pairing, the ring stacking might be altered. The absence of N 3 -nitrogen in guanine introduces an incorrectness that could disrupt the minor groove spine of hydration, which means that it should eliminate the presence of any ordered water molecules or metal ions at this sequence position. 3 Recently, it has been demonstrated that in dA-dT sequences, the spine of hydration should be considered an integral part of the helix and that the possible metal ions binding in the minor groove is critical for the structural integrity of duplex DNA. 4 In the light of these statements, our intention to design and carry out efficient synthesis of 8-aza-3-deazaisoguanosine 2 seemed attractive and significant especially when self-assembled properties of this molecule are considered. Namely, guanosine (G) derivatives self-associate in the presence of metal ions to give hydrogen-bonded G-quartets 5 , while Cs + -selective ionophore, properly protected isoG can also form a hydrogen-bonded pentamer in the cation-templated process. 6 These covalent assemblies selectively co-ordinate monovalent and divalent cations to give extremely stable complexes. Lack of one potential H-bond per molecule at N 3 -nitrogen donor may certainly weaken the H-bond pattern though leaving sugar-base H-bonds transmitting stereochemical information intact if the aggregates were formed as in the isoG series. 7 Therefore, considerable alternations in binding affinity and selectivity are expected when using this potential ionophore. This model can be further extended to its use in the search for structure-activity relationships concerning G-rich oligodeoxynucleotides (ODN) that may form G4-stabilized tetramers on monovalent cations as templates or without. 8 G4 or isoG4 containing structures may act as negative regulators of telomerase elongation in vivo due to their ability to inhibit telomerase in vitro 9 and it was demonstrated that such ODNs are potent inhibitors of HIV-1 integrase. 10 Seela et al. 11 have recently established that the isoG quartet is generally more stable than the G-quartet on the first defined tetraplex species; however, structural changes of a heterocyclic base resulted in somewhat lower stability for 7-deazaisoguanine quartet. 11b
Despite remarkable interest in isoguanosine physical and structural nature as well as in its 2-O-methylated congener spongosine 12 1, there have been no attempts to perform the synthesis of 3-deaza analogues (Figure 1) . Strategically, the linear approach to 8-azapurine ring rebuilding and achieving the synthesis of the corresponding modifications relies on the availability of appropriate 5-member heterocyclic nucleoside intermediates suitable for subsequent ring closure ( Figure 2 ). 13 
RESULTS AND DISCUSSION
We have recently reported on a high-yield procedure for the preparation of various 8-aza-3-deazaguanosine analogues, which enabled us to select one of the two possible routes. 13a One could follow the obvious work-out of the parent ring system of 1-substituted-1,2,3-triazolo- The anticipated regioselective pathway requires an aromatic nitrile in the place of a carboxylate function that might reverse the course of the ring closure in methanolic ammonia. 15 However, it seems that no aromatic carboxamide precursor has ever been detected in the work-out of a controlled selective ammonolysis of 5-methoxycarbonylmethyl-1-b-D-ribofuranosyl-1,2,3-triazole-4-carboxylates. 13 On the other hand, the diamide 3 (X = N) appeared in minor quantities in a reaction at 0°C and, by raising the temperature up to ambient conditions, a 91 % yield of 3 (X = N) was obtained. 3 was then readily converted to dinitrile 5 (X = N) in dry THF at -10°C to -2°C in the presence of pyridine (Eq. 4) with careful addition of 2.2 eq. of trifluoroacetic acid anhydride in THF (Scheme 1).
Intramolecular cyclizations between a cyanomethyl group and an adjacent cyano group located on benzene, 16 pyridine, 17 or imidazole 18 ring to form isoquinolines, pyrido[c]pyridines and imidazo [4,5-c] pyridines under acidcatalyzed conditions have been reported. In addition, use of hydrogen sulfide and triethylamine at room temperature took the same cyclization course. 14a The same authors described also the mild ring closure of 5 (X = CH) to yield 2,6-diamino-3-deazaguanosine in methanolic ammonia, which points to a different acting mechanism under base-catalyzed conditions. A catalytic amount of sodium methoxide was added to a stirred solution of 5 (X = N). After stirring (30 min) and subsequent adjustment of pH (6.5-7), a new product tentatively 6 was isolated from the solution (Scheme 2).
In the 1 H NMR spectrum in DMSO-d 6 , a new aromatic proton appeared at d 6.30, two exchangeable protons at d 7.25, apparently belonging to the amino group, and a sharp peak at d 3.79, which was assigned to the newly formed OCH 3 substituent. Hitherto no NMR data was available for comparison, yet the readily available 10 in our hands presumably implies an independent synthetic approach in classical chemical transformations of this interesting ring system, thus providing us with an unambiguous structural proof (Scheme 3).
Acetylation of 10 afforded the suitable intermediate 11, which was further chlorinated with POCl 3 in acetonitrile in the presence of collidine and NEt 4 Cl in 70 % yield. The leaving group in 12 turned to be, contrary to that in the related ring system, 19 quite a versatile precursor. First, methanololysis with sodium methoxide in methanol in a pressure bottle at 120°C, adjusting the pH to 6.6-7.0, and final purification by column chromatography has furnished 13 (Scheme 3). 1 H NMR data revealed distinct numbers from 6 { 1 H NMR d/ppm (DMSO-d 6 ) 6.07 (H-3), 6.18 (NH 2 ) and 4.00 (OCH 3 )}. MS (FAB), m/z = 298 (M +1 ), produced no notable change but a protonated base (m/z = 166) in CID-Mike spectra of BH + (or BH 2+ ). Careful hydrogenation of 12 afforded 14 (Scheme 5)
87 (H-6), 6.79 (H-3, J 3,6 = 0.98Hz)}, which had not been previously reported. 3,6-Diamino compound 15 was obtained { 1 H NMR d/ppm (DMSO-d 6 ) 5.72 (H-3), 7.62, 7.24 (4H, bs, NH 2 ), 5.87 (1H, d, H-1')} after heating 12 in liquid ammonia for 16 hours. This structural correlation has definitely proven that a novel synthetic method to 8-aza-3-deazaspongosine analogues is available by the sodium methoxide catalyst procedure. To make this statement more general, several sodium alkoxides were employed. The results are depicted in Scheme 2. The use of different sodium alkoxides 17 directed the cyclization of aromatic (heterocyclic) nitriles with an adjacent cyanomethyl group, e.g. the nitrogen of the aliphatic cyano group becoming the ring nitrogen of the pyridine moiety, in the »reverse« way to the acid-catalyzed intramolecular cyclizations. 15a This is the first successful example in nucleoside chemistry and the methodology is certainly of high potential for the design of 2-alkoxy-8-aza-3-deaza-6-aminopurines aimed as potential coronary vasodilators. 20 The procedure corroborates some of the earlier attempts 21 relating to this type of ring closures. We can conclude that catalytic amounts of the appropriate alkoxide are sufficient to generate the desired product. However, more nucleophile (2, 3, 4 or 5 equivalents) used in the reaction afforded a 20 % yield of the isomeric product 13. In that case, addition of excess methoxide to the aromatic nitrile might generate an imminium ion, which then undergoes cyclization to the cyanomethyl group. 21a To take advantage of alkoxides bearing removable alkyl groups, 8-aza-3-deazaisoguanosine 2 was obtained by standard deprotection of the benzylic group. Finally, intermediate 3 was recognized as the anticipated precursor for providing the target nucleoside 2. Our synthetic methodology was initially designed to carry on the desired sugar configuration through subsequent steps.
The use of 2',3'-protected 6 allowed the application of the Imbachs rule 22 the assignment of b-configuration of 6 and 2, which was readily obtained by catalytic hydrogenation of 9 in 80 % ethanol and 5 % Pd/C. 3 mmol) was dissolved in dry acetonitrile (500 ml), DMAP (1.18 g, 9.6 mmol) in pyridine (70.7 ml) was added and acetic anhydride (43.7 ml, 462 mmol) was added dropwise under vigorous stirring. The reaction was carefully followed by TLC (CH 2 Cl 2 / CH 3 OH = 4 : 1). After o few hours of stirring, the mixture was evaporated and the resulting residue was coevaporated with water (twice). The oily residue was then dried, applied onto a silica gel column (250 g) and eluted with a gradient solvent mixture of acetone in EtOAc (25-40 %) to yield the white crystalline solid 3 (26. 
2-[1-(2,3,5-tri-O-Acetyl-b-D-ribofuranosyl)-4-carboxamide-1,2,3-triazolo-5-yl]acetamide (3)
5-Methoxycarbonylmethyl-1-(b-D-ribofuranosyl)-1,2,3-tri- azole-4-
4-Cyano-5-cyanomethyl-1-(2,3,5-tri-O-acetyl-b-D-ribofuranosyl)-1,2,3-triazole (5)
Diamide 3 (2.7 g, 6.3 mmol, dried at 60°C, 4 days over P 2 O 5 ) was dissolved in dry THF (40 ml, dried with LiAlH 4 and distilled before use) and pyridine (2.13 ml, 26.5 mmol) was added. The reaction mixture was cooled to -10 to 0°C and then trifluoroacetic anhydride (TFA, 1.9 ml, 13.3 mmol) in THF (5 ml) was added dropwise. Additional stirring at 0°C (30 min) and two hours at room temperature were applied before evaporation of the mixture to dryness and its dissolving in dichloromethane (40 ml). Water (40 ml) was added and the organic phase was separated and dried over Na 2 SO 4, and filtered to furnish dark oil, which was further processed by column chromatography on silica gel (100 g) with hexane / EtOAc = 2 : 3. Yellow crystals were separated after evaporation (2. 
General Procedure for 4-Amino-6-methoxy-1-(b-D-ribofuranosyl)triazolo[4,5-c]pyridine
Dinitrile 5 (100 mg, 0.26 mmol) was dissolved in solution of pulverized sodium in an appropriate alcohol (10 ml, 0.06 M) and stirred at room temperature for 30 min. Amberlit IRC-50 (100 mg) was added and stirring was continued to adjust pH to 6.5-7.0. The resin was filtered off, washed twice with hot water (5ml) and the filtrate was evaporated. The solid was collected and crystallized from isopropanol / water = 4 : 1. 
4-Amino-6-methoxy-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]pyridine (6)

4-Amino-6-ethoxy-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]pyridine (7)
Yield
4-Amino-6-propoxy-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]pyridine (8)
4-Amino-6-benzyloxy-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]pyridine (9)
6-Amino-1-(2,3,5-tri-O-acetyl-b-D-ribofuranosyl)-1,2,3-triazolo[4,5-c]pyridine-4(5H)-on (11)
A solution of 6-amino-1-(b-D-ribofuranosyl)triazolo[4,5-c]-pyridine-4(5H)-on, (1.34 g, 4.7 mmol; dried for 2 days over P 2 O 5 at 110°C) in dried DMF (40 ml) was treated with pyridine (1.5 ml, 18.8 mmol) and acetic anhydride (2.6 ml, 18.8 mmol), which was slowly added under vigorous stirring. The resulting mixture was then heated under reflux for 5 hours and evaporated. The sticky residue was dissolved in isopropanol (25 ml) and refluxed for 15 min, and allowed to cool (-20°C). The solid was separated overnight to yield 11 (1. 
6-Amino-4-chloro-1-(2,3,5-tri-O-acetyl-b-D-ribofuranosyl)-1,2,3-triazolo[4,5-c]pyridine (12)
MeCN (50 ml, dried over CaH 2 ) was directly distilled into a carefully dried three-neck flask loaded with 11 (1.5 g, 6 mmol, dried at 120°C over P 2 O 5 ) and NEt 4 Cl (1.4 g, dried at 80°C) and equipped with a reflux condenser. Collidine (0.465 ml, 3.5 mmol) was then added and freshly distilled POCl 3 (1.9 ml, 21 mmol) was added dropwise. The reaction mixture was heated at 70°C for 12 min, the solvents were removed at a temperature below 45°C and the yellow residue was treated with ice (approx. 30 g). After adjusting pH to 6-7 with sat. NaHCO 3 at 0-5°C, the water phase was extracted with hexane (3 x 10 ml) and dichloromethane (2 x 10 ml). The organic phase was dried over Na 2 SO 4 , the solvents were removed, and the oily residue was then applied onto a preparative column (silica gel, 20 g). The foamy product 12 (1.11 g, 70 %, m.p. = 53-55°C) was obtained after elution with benzene / EtOAc = 2 : 1.
IR ( 
Deprotection of 12
A solution of 12 (150 mg, 0.35 mmol) in NaOMe in MeOH (10 ml, 40 mmol sol.) was stirred at room temperature for 3 h. Amberlit-IRC50 (50 mg) was added to adjust pH to 6.5-7. The resin was filtered off, washed with hot water (2 x 20 ml) and the combined filtrates were evaporated. The resulting residue was crystallized from propanol to afford a white solid (98 mg, 93 %, m.p. = 155°C (dec.)).
6-Amino-4-methoxy-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]pyridine (13)
A solution of 12 (150 mg, 0.47 mmol) in MeOH (4 ml) and NaOMe (89 mg, 2.33 mmol) was heated at 120°C in a sealed pressure tube for 25 h, cooled and neutralized with Amberlit-12-C-50 (80 mg; pH = 6.5-7). The resin was filtered off and washed with hot water (2 x 10 ml). The filtrate was evaporated and the residue was purified by column chromatography (silica gel, 40 g) with CHCl 3 / MeOH 
4-Amino-6-methoxy-1-(2,3-O-isopropylidene-b-D-ribofuranosyl)triazolo[4,5-c]pyridine
To a solution of 13 (50 mg, 0.17 mmol) in dry acetone, triethylortoformate (110 ml, 0.16 mmol) and p-toluenesulfonic acid monohydrate (30 mg, 0.03 mmol) were added and the resulting mixture was stirred under N 2 at room temperature for 5h. The solution was evaporated and the residue was purified by column chromatography (silica gel, 7 g, EtOAc 
4,6-Diamino-1-(b-D-ribofuranosyl)-1,2,3-triazolo-[4,5-c]-pyridine (15)
A suspension of 12 (150 mg, 0.35 mmol) in liquid NH 3 (30 ml) was heated at 120°C in an autoclave reactor for 16 h. After cooling, NH 3 was allowed to evaporate and the residue was redissolved in MeOH and neutralized (pH = 7), then purified on a preparative silica gel plate (MeOH/EtOAc = 1:4) and recrystallized from EtOH to furnish a crystalline solid 
6-Amino-1-(b-D-ribofuranosyl)-1,2,3-triazolo[4,5-c]-pyridine (14)
To a suspension of 12 (150 mg, 0.35 mmol) in water (30 ml), NaOH (55 mg, 1.36 mmol) was added and the mixture was stirred at room temperature until compound 12 was completely dissolved. A catalyst (50 mg, 5 % Pd/C) was then added and the resulting mixture was hydrogenated in a Parr hydrogenator at room temperature and 3.3 bar for 40 min. Amberlit-IRC-50 was added to the suspension, which was stirred overnight, filtered, the cake was washed twice with hot water (10 ml) and the filtrate was evaporated. The residue was dissolved in MeOH and purified on preparative 
4-Amino-1-(b-D-ribofuranosyl)-1,2,3-triazolo[4,5-c]-pyridine-6(5H)-on (2)
To a solution of 9 (50 mg, 0.13 mmol) in 80 % EtOH (50 ml), Pd/C (30 mg, 5 %) was added and the suspension was hydrogenated in a Parr hydrogenator at room temperature and 3.3 bar for 3 h. The catalyst was filtered off and washed twice with hot EtOH (10 ml). Next, the filtrate was evaporated and the residue was recrystallized from MeOH / EtOAc = 2:3 to yield 2 ( 
CONCLUSIONS
In conclusion, 5 can be used in a novel base-catalyzed ring closure for the synthesis of a variety of 2-alkoxy--8-aza-3-deazaadenosines, namely new 8-azaspongosine analogues. 12 The proper choice of alkoxides (e.g., sodium benzylate) enables easy deprotection of 9 to the target 8-aza-3-deazaisoguanosine 2. Further studies of its self-assembling properties are in progress.
